This invention relates in general to a system for moni toring and measuring motor vehicle performance char acteristics and, more particularly, said system being adapted for measuring motor vehicle displacement data and fuel flow data and calculating various performance characteristics from said data.
Description of the Prior Art
In motor vehicle performance testing, it is necessary to measure and calculate various motor vehicle perfor mance characteristics. The types of characteristics mea sured and calculated are things such as the distance the vehicle traveled, vehicle speed, accelaration measure ments, fuel volume consumed, fuel mass consumed, fuel volume flow rate, fuel mass flow rate, and efficiency ratios such as miles per gallon. In the prior art, these measurements and calculations were made by using separate instruments assembled together into an array of instruments on a relay rack. This resulted in complexity of operation, complexity in synchronization between the various instruments, and complexity in the connec tion between the various instruments. Therefore there was a great deal of time lost putting the array together properly and sometimes there was also lost data. It would therefore be an advantage if this system were incorporated into one unit that performed the desired functions of timing, data measurement, and computa tion of vehicle performance characteristics. Further the prior art of using an array of separate instruments to perform motor vehicle performance monitoring had the problem that these arrays tended to be bulky and diffi cult to use. Further, the necessity for many different types of instruments made the vehicle performance monitoring systems expensive.
The prior art also does not show a motor vehicle performance monitoring system which has an easy set up procedure and which includes a system which starts the monitoring at a preset point and stops the monitor ing at a preset point while calculating all the character istics. The Whitaker U.S. Pat. No. 4,296,409 does dis close a combine performance monitor for monitoring a combine's farming operations. The Whitaker patent shows the use of combine sensors with a microproces sor to monitor farming functions of a combine. How ever the system does not include a computer controlled starting calculation feature. Only manual starting is available and the stopping calculation is not computer controlled, but once again, requires manual interven tion. The device's user control panel does not provide for user-prompting programming in that the user would have to know when to program several features and also how to program them. There is no way to know if the user has programmed all the features he wishes to program without him keeping a mental note external of the system. The present invention features many of the advantages of the Whitaker patent in the area of motor vehicles and also features computer calculated start and stop conditions and includes a very easy to use, user prompting control panel for programming.
Another example of a prior art monitor is the Meyer patent, U.S. Pat. No. 4, 274, 144,  One of the vehicle performance characteristics that is important in today's striving for more economic motor vehicles is the volume and mass of the fuel used by the motor vehicle. In the prior art the measurement of fuel mass and volume required the use of expensive mass and volume meters which had various delicate and difficult to use components. Therefore, the measurement of fuel mass and volume tended to be a very difficult and/or expensive endeavor. The Duffy U.S. Pat. No. 3,314,524 shows a mass flow measuring device which converts volume flow to mass flow electronically. However, the system does not calculate both volume and mass flow values nor does it output volume flow and is therefore not a combined mass and volume flow meter. The Kis sel U.S. Pat. No. 4,018,964 is a device for controlling the fuel-air ratio for internal combustion. It incorpo rates mass measurement but does not have an output or versatile programming control for vehicle performance testing because it is a unit built into the motor vehicle.
Unlike the prior art, the present invention provides for a vehicle performance monitoring system which incorporates into a single unit the desired functions of timing, data measurement, and computation of vehicle performance characteristics. Further, the present inven tion provides for a combined fuel mass and volume meter which is easy to use and inexpensive. The present invention also has computer calculated start/stop and a user-prompting programming system that is easy to use.
SUMMARY OF THE INVENTION
This invention relates to improved motor vehicle performance monitoring and a feature of the present invention comprises a motor vehicle performance moni toring system which measures motor vehicle perfor mance characteristics. The system comprises motor vehicle performance sensor means for sensing motor vehicle performance characteristics and producing data signals corresponding to the motor vehicle performance characteristic sensed. The system further comprises computer means which have computer parameters which include a starting parameter and a stopping pa rameter. These computer means are engaged with the motor vehicle performance sensor means so as to re ceive as input the data signals of the motor vehicle sensor means and to calculate motor vehicle perfor mance characteristics from said data signals. The sys tem further includes data output means for data output of the computer means calculations of motor vehicle performance characteristics. The system also includes programming control means for selection and setting of computer parameters and for selection and setting of output data. And finally the system includes a data 4,593,357 . 3 output control means for controlling the data output means so as to select output data.
It is therefore an object of this invention to provide a vehicle performance monitoring system for the mea surement of motor vehicle performance characteristics.
It is further an object of this invention to provide for a system which includes a variety of computer con trolled start/stop conditions.
It is further an object of this invention to provide a motor vehicle performance monitoring system that incorporates the desired functions of timing, data mea surement and computation of vehicle performance characteristics into a single instrument.
It is a further object of this invention to provide a motor vehicle performance monitoring system that is easy to use and is readily set up and programmed by a user because the invention includes a user-prompting programming system.
It is a further object of this invention to provide a notor vehicle performance monitoring system that is small and portable and inexpensive.
It is a further object of this invention to provide for a motor vehicle performance monitoring system which has an improved fuel flow meter which calculates both volume flow characteristics and mass flow characteris tics.
Related objects and advantages will become apparent as the description proceeds. 
DESCRIPTION OF THE PREFERRED EMBODIMENT
For the purposes of promoting an understanding of the principles of the invention, reference will now be made to the embodiment illustrated in the drawings and specific language will be used to describe the same. It will nevertheless be understood that no limitation of the scope of the invention is thereby intended, such alterna tions and further modifications in the illustrated device, and such further applications of the principles of the invention as illustrated therein being contemplated as would normally occur to one skilled in the art to which the invention relates.
FIG. 1 shows the computer housing box. 10 and the control panel 11 on the front of the box. 10. In the pre ferred embodiment this housing box. 10 is extremely portable in that it is light weight and is only 12 inches wide by 4 inches high by 6 inches deep. The control panel 11 has a six digit digital time display 12 and a six digit digital totalization display 13 and a four digit digi tal rate display 14. The control panel 11 further includes a power switch 15, computer status lights which are a ready light 16, a start light 17, and a stop light 18. The control panel 11 further includes an array of switches. In the preferred embodiment these switches are of dome switch technology rather than of membrane tech nology for the purpose of positive action and tactile feel. The control panel 11 has a 4x16 array of switches which are grouped into small arrays of switches with similar functions. These small arrays consist of a 1 X5 array of time display switches 19, a 1X5 array of mode switches 20, a 1 X5 array of start on switches 21, a 1 X5 array of stop on switches 22, a 1X4 array of distance output switches 23, and a 1X4 array of total fuel vol ume and mass output switches 24. There are eleven switches for calibration setting during the programming state 47 (FIG. 3) and these switches include a 2X5 array of digital number setting switches 25 for inputting the calibrated value by the user and there is a clear switch 26 for clearing the value. There is a test mode switch 27.
There are calibration selection switches which include a pulse calibration switch 29 and a fuel specific gravity calibration switch 30. There is a 2x2 array of analog output gain selection switches 31. There is a 1X4 array of speed output switches 32, and a 1X4 array of fuel volume and mass flow rate output switches 33. There are two fuel economy output switches 34. There is a fuel temperature output switch 35 and there is an accel eration output switch 36. Finally there is a 1X4 array of rate display lock at switches 37.
Various small arrays of switches have user-prompt ing lights adjacent to each switch. An example is the time display switch user-promoting lights 49 which are located adjacent the time diplay switches 19. All of the small switch arrays have user-prompting lights except for the array of digital number setting switches 25.
FIG. 2 is a total system overview diagram. The figure shows the distance sensor means 38 which in the pre ferred embodiment would be a standard fifth wheel. As is known in the art a typical fifth wheel consists of a wheel and a transmitter assembly with an etched metal optical encoder. The system basically measures distance by the relation between the rotation of the wheel and the pulses of the optical encoder and sends an electronic signal to the computer housing box. 10 via cable 39.
Further the fifth wheel would be mounted to the motor vehicle as is known in the art. FIG. 2 also shows a representation for the fuel volume flow sensor means 40. This sensor 40 is also connected to the computerbox 10 by a cable 41. In the preferred embodiment a positive displacement flow meter is used. The fuel volume flow sensor means 40 provides an electronic signal through the cable 41 so as to provide fuel flow data signals to the computer in the computer housing box. 10. Finally the diagram shows the fuel temperature sensor means 42 which are connected also by a cable 43 to the box. 10 so as to provide electronic signals from the fuel tempera ture sensor means 42 to the computer in the computer housing box 10. In the preferred embodiment the fuel temperature sensor means 42 is a semiconductor tem perature transducer feeding a twelve bit analog to digi tal converter to digitize temperature data.
The computer housing box. 10 contains computer means which are well known in the art. It is believed that anyone skilled in the art could easily assemble mi croprocessor computer means for performing the sys tem functions that are performed by the computer means which are in the computer housing box. 10 shown in the preferred embodiment. For the purpose of further disclosure, however, in the preferred embodiment the computer box. 10 houses five plug in circuit boards connected to a common mother board so that the entire instrument may be disassembled in a matter of minutes for easy access to all computer components. The con 4,593,357 5 puter housing box. 10 houses a computer which is con figured around an Intel 8085A-2 processor running at 6.5536 megahertz in the preferred embodiment. Pro gram storage is in 8K bytes stored in two 2732 EPROMs. One K bytes of RAM are included on two 2114 chips as are two identical buffered ten bit analog to digital converters. Accumulation of distance and total, fuel information is handled by a single Intel 8253 coun ter/timer. Therefore this information is then accumu lated outside the processor itself to minimize program execution time. Execution time of the entire program requires about 175 milliseconds allowing all data to be updated five times per second. The entire front panel matrix of 64 switches and 50 individual lamps is scanned by an Intel 8279 programmable keyboard/display inter face chip. All digital circuitry operates at 5 volts, an inverter being used to generate E15 volts for the analog circuitry. A total of 63 intergrated circuits are housed on the five separate circuit boards. Extensive noise suppression is used to eliminate radio frequency inter ference and supply voltage fluctuations. The input volt age range is from 8 to 16 volts allowing operation through a vehicle cranking cycle. The total supply current requirements are about 3 amps depending on the display segments lighted. The entire computer pro gram was written in assembly language to achieve the most compact code and minimum execution time for the program. The entire memory space, 8,192 bytes of the two 2732 EPROMs is used for program storage, leaving 4,096 bytes available for future expansion and co processor control and transfer in a possible third EPROM. The circuit board layout uses the Bytwide pinout so that 64K EPROMs may be used when they become economically available. The instrument is con structed so that it is possible to add to or modify the capability of the instrument to include such quantities as horsepower and brake specific fuel consumption by changing the control program and adding the necessary circuitry on a board installed in the spare board slot.
The general system layout requires the mounting of the distance sensor means 38 which is preferably a fifth wheel to the motor vehicle so as to measure distance displacement of the motor vehicle as it moves and for the fuel volume sensor means 40 which is preferably a positive displacement flow meter to be mounted to the motor vehicle's fuel line so as to measure fuel flow and for the fuel temperature sensor means 42 which is pref. erably a semiconductor temperature transducer to be mounted to the motor vehicle's fuel lines so as to mea sure the temperature of the motor vehicle fuel being measured by the fuel volume flow sensor means 40. The sensors then send electronic signals which correspond to the vehicle performance characteristic of either dis tance, fuel flow, or temperature to the computer box. 10 via respectively cables 39, 41 and 43. Inside the com puter box. 10, the computer means perform the various calculations dependent upon the programming and data output selected through the use of the control panel 11
by the user. in the programming state 47. The user would press the PROG programming switch 48 in the array of mode switches 20 on the control panel 11 to put the system in the programming state 47. The start on switches user prompting lights 50 adjacent to the array of start on switches 21 would begin blinking on and offin the start on selection state 64. These lights blinking on and off would aid the user by indicating what his next available choice is to program the device. This method of user prompting by the machine would allow an inexperi enced user to easily program and set the machine. The lights adjacent to the switches of the next programming mode he must select blink on and off while the lights adjacent to switches not yet eligible for selection remain off. Thus the user would realize that his selection has to come from among this array of switches whose lights are blinking. The user then presses the switch of the function he desires among those switches with blinking lights. The light of the switch he selects then remains on so the user can easily see which selection he has chosen. Because the system has a default setting if the user would to fail to make a selection, the light of the switch which is the default setting would remain on and would not blink so that the user could see which setting he would have if he would not make a selection. The light of all the switches which have been user selected or computer defaulted to remain on. For example, the user would press one of the start-on selections, such as the manual start switch 51, and that switch's light 52 would remain on as the remaining start on switch user-prompt ing lights 50 would continue blinking. Then the user would press the NEXT switch which is in the array of mode switches 20 and adjacent to the programming switch 48. The start on switch user-prompting lights 50 would go off and the stop on switch user-prompting lights 54 adjacent the array of stop on switches 22 would start blinking because the programming state 47 would now be the stop on selection state 65. Again the user would make a choice and so on and so forth as is easily discerned from the programming sequence flow It is important to note that the successive presses of the NEXT switch 53 lead the user through the arrays of switches from which the next selection must be made. This is done because each time the NEXT switch 53 is pressed a new array of switches lights up and the prior array of selections is extinguished. In this way the user must make all the necessary selections or accept the default setting for that selection. The user must go through all the choices shown in the programming sequence flow chart 55 before he can get back to the ready state 46. This sequencing insures that the user does not forget to program any parameters. If the user desires to keep a default setting in any state selection he can bypass it by pressing the NEXT switch 53 and the system will use the default parameter for the state selec tion which was bypassed. For example if the user de sires to keep the default time display selection he would first be in next state 56 he would then press the NEXT switch 53 and bypass the time display selection state 58 and go directly to next state 57.
It should also be noted that the user also can control the calibrations during this programming phase for fuel specific gravity and fuel meter pulse rate calibration so that the computer can calculate mass from the volume data. The user calibrates those values with the digital number setting switches 25 and the clear switch 26. This is done when the system is in the programming state 47 4,593,357 7 and in the respective pulse calibration selection state 71 and the fuel specific gravity calibration state 72.
Once the user has programmed the system as he wants it, he can then run the monitoring test on the vehicle. This is shown by the start state 59 and the stop 5 state 60. The change display state 61 shows how the user can change the units and the characteristic being outputted at any time during the test by using the con trol panel 11 switches. Then the user can press the reset switch 62 and clear the system of data and return it to 10 the ready state 46. Table 1 above shows the inputs and the outputs of the 45 system of the preferred embodiment. The system takes as input the signals from the sensors which are signals corresponding to the distance that the vehicle travels and the volume of the fuel consumed and the tempera ture of that fuel and then uses an internal timing device 50 to time the test. The system is also calibrated for fuel specific gravity and fuel volume signal pulse rate during the programming state 47 by the user. From this input, the computer within the computer housing box. 10 then calculates the total distance travelled, the total volume 55 of fuel used, the total mass of fuel used, motor vehicle speed, fuel volume rate, fuel mass rate, fuel economy, the temperature in degrees Centigrade, and acceleration of the motor vehicle as a percentage of gravity. The system also calculates the starting values, the stopping 60 values, the average values, and the current values of vehicle speed, fuel volume flow rate, fuel mass flow rate, and fuel economy. It is important to note that the system produces output of these motor vehicle perfor mance characteristics in various units of both English 65 and Metric measurement units.
Of specific notice is the fact that the present motor vehicle performance system has a combined mass and 8 volume flow meter through the use of the fuel volume sensor means 40 and the fuel temperature sensor means 42 and a computer. The computer gets volumetric data and temperature data and calculates this in an internal equation with a preset specific gravity of the fuel used so that it can convert volume data to mass data. The present invention particularly takes advantage of the computer calculation method for conversion of fuel volume measurements to mass measurements by the following equation which has been mathmetically and experimentally determined and placed in the computer. The values are measured with mass M being in grams, volume V being in cc, and calibrated specific gravity CSG being in g/cc of the fuel at a temperature T of 15.5556° C. The basic equation converts volume to mass through an algorithm which calculates mass as a function of (1) volume, (2) specific gravity, (3) temperature (4) a first order change in specific gravity, and (5) a second order change in specific gravity.
Overall, the system operates by starting, timing and accumulation of fuel and distance, all from zero and at the same time, and later stopping the accumulation of time, fuel and distance, leaving the totals displayed. Rate quantities such as miles per hour, gallons per hour, and miles per gallon are available in the rate displays as a snap shot of the quantities before, during, and after the timed event or test. The total measurement capabilities of the system, for the sake of clarity is broken into six categories: the starting mode; the stopping mode; tin ing; totalization; rate; and miscellaneous functions.
These will be described in more detail. The system features the use of an array of possible stop and start states. Many of these stop and controlled by the com puter so that the system could run an entire test with no user control during the test.
There are five starting modes in the preferred em bodiment. These are basically an external starting mode and a calculated starting mode. The external mode re quires the use of either the manual starting switch 51 on the control panel or an external contact closure logic level or a contact on the brake pedal which would be an external start signal 63. These are selected from their respective switches on the array of start on switches 21. The internally calculated starting modes are the spped equals and motion modes where the system begins cal culation once the speed of the vehicle is either greater than zero for motion or equal to a preset speed equals. This preset speed equals can be set during the program ming state 47 during the start on selection state 64 by use of the digital number setting switches 25 which would set a starting speed that would be shown on the digital rate display 14 so that the user could verify he has set the starting speed he desires. Next the system has a stop mode which again has five basic modes which are 4, 593, 357 broken into the two modes of either external or inter nally calculated modes. The external modes once again are manual stopping switch 66 in the array of stop on switches 22 or an external contact closure logic level which would be an external stop signal 73. The inter nally connected calculated stop modes are based on whether the vehicle has attained a speed equal to zero or a speed preset by the user or if the vehicle has trav eled a preset distance set by the user during the pro gramming state 47. The speed equals is set in the same manner as it is set for the start mode, but the distance equals is set by pressing the digital number setting switches 25 to obtain the proper stopping distance value which would be shown on the digital totals display 13. Any of the start modes may be used in combination with any of the stop modes allowing for a wide variety of computer controlled start/stop conditions to be used.
The time display switches 19 allow for the digital time display 12 to be in 0.01 second, 0.1 seconds, or 1 second resolutions and also the time display switches 19 allow for modifying the update time of the digital rate display 14 from its normal rate of 5 updates per second to either 1 update per second or 1 update per 10 seconds or 1 update per 100 seconds by pressing respectively either the 1, 10, or 100 switches in the array of time display switches 19. These longer update times are use ful for smoothing rapidly changing data when the in stantaneous values may not be of interest, but longer time averages may be more meaningful. An example would be fuel flow or miles per gallon under stop and go conditions over a long period of time.
The totalization category of functions of the system uses the distance output control switches 23 and the total fuel volume and mass output switches 24. With these array of switches the digital totalization display 13 can be altered so that the system will either show the total distance traveled by the vehicle or show the total volume of fuel consumed by the vehicle, or else the total mass of fuel consumed by the vehicle.
The rate quantities category of calculations of the vehicle is displayed on th digital rate display 14. Here, depending on which switches are selected, the vehicle will show the speed of the vehicle or the fuel volume flow rate, or the fuel mass flow rate, or the economy quantity of the vehicle in miles per gallon or liters per 100 kilometers. These values of speed, fuel flow, and economy can be seen at a starting value when the sys tem first started the calculations, the stopping value when the system stopped its calculations, an average value or a continuous value showing the value at the present time depending on a choice by the user using the array of rate display lock-at switches 37. Further, the digital rate display 14 is capable of also showing temperature in degress Centigrade using the fuel tem perature output switch 35 or acceleration as a percent age of gravity using the acceleration output switch 36.
The system has several special features which are a test mode switch 27 which allows the system to test itself without having the vehicle performance monitor sensors attached because the system generates an inter nal signal equivalent to 60 miles per hour and a mid range fuel flow signal for the purposes of testing. The system also has a display hold switch 67 and a display update switch 68. When the display hold switch 67 is pressed the three digital time 12, totalization 13 and rate 14 displays are locked to allow for example the user to copy the displayed values down on paper and while the system internally continues to update these values. 10 Then once the display update switch 68 is pressed, the three displays are updated to the current value. Finally the system has an interpolation feature where the values calculated at the starting time and the stopping time are made more accurate by interpolating between the val ues just before and after starting and the values just before and after stopping. Finally, the system has the analog outputs 69 which can be used to drive a chart recorder or the like.
Another significant feature of the system is the change display feature 61 which allows the user to alter the displays of distance and time and speed rate at any time during the test so as to read off different values.
For example if the digital totalization display 13 show ing distance in feet, the user could easily press for exam ple the GAL switch 70 in the array of total fuel volume and mass switches 24 and the digital totalization display 13 would now show the volume of fuel in gallons while the internal calculation of all these values would not be affected by the selection of different displayed output values While the invention has been illustrated and de scribed in detail in the drawings and foregoing descrip tion, the same is to be considered as illustrative and not restrictive in character, it being understood that only the preferred embodiment has been shown and de scribed and that all changes and modifications that come within the spirit of the invention are desired to be protected.
What is claimed:
1. A motor vehicle performance monitoring system which measures motor vehicle performance character istics, said system comprising:
4.
motor vehicle performance sensor means operable (1) to sense motor vehicle performance characteristics and further operable (2) to produce data signals corresponding to the motor vehicle performance characteristic sensed; computer means arranged to operate based upon a set of computer parameters, said computer means being electrically connected with said sensor means and operable to receive as input said data signals and to calculate motor vehicle performance characteristic calculations from said data signals; said computer parameters include a (1) calculation starting parameter that is used by said computer means to determine that the computer means should begin to calculate motor vehicle perfor mance characteristic calculations from said data signals and a (2) calculation stopping parameter that is used by said computer means to determine that the computer means should stop calculating motor vehicle performance characteristic calcula tions from said data signals; data output means electrically connected with said computer means, said data output means being operable to produce output data corresponding to various motor vehicle performance characteristics and types of measurements of said characteristics; programming control means electrically connected with said computer means and said programming control means being operable (1) to select com puter parameters to be set and to set the computer parameter selected to a particular value and opera ble (2) to select the particular output data corre sponding to a motor vehicle performance charac teristic to be set and to set the output data selected to a particular type of measurement of said charac teristic; and said computer means include default parameter means operable to set said computer parameters to a default setting. 2. The system of claim 1 wherein the value of said calculation starting parameter is based on an (1) external starting parameter and a (2) calculated starting parame ter; and the value of said calculation stopping parameter is based on an (1) external stopping parameter and a (2) calculated stopping parameter. 3. The system of claim 2 wherein said computer pa rameters include calculation calibration parameters.
4. The system of claim 3 wherein the value of said external starting parameter is based on a (1) manual switch parameter, (2) an external start parameter, and a (3) brake start parameter; the value of said calculated starting parameter is based on a (1) starting speed equals computer pa rameter, and a (2) vehicle motion computer param eter;
the value of said external stopping parameter is based on a (1) manual switch parameter and an (2) exter nal stop parameter; and the value of said calculated stopping parameter is based on a (1) stopping zero speed computer pa rameter a (2) a stopping speed equals computer parameter, and a (3) stopping distance equals com puter parameter.
5. The system of claim 1 wherein said computer pa rameters include calculation calibration parameters.
6. The system of claim 1 wherein said programming control means includes a keyboard operable (1) to select computer parameters desired to be set by a user and to set the computer parameter selected to a value by a user and (2) to select the particular output data correspond ing to a motor vehicle performance characteristic to be -set by a user and to set the output data selected to a particular type of measurement of said characteristic by a Sc 7. The system of claim 6 wherein said keyboard in cludes electrically energizable prompting means opera ble to aid the user to readily operate the keyboard.
8. The system of claim 7 wherein said electrically energizable prompting means include programming sequence prompting means for guiding the user through the programming.
9. The system of claim 8 wherein said electrically energizable prompting means include an array of switches and each switch in said array has a light adja cent to each switch; each light has a first illumination state and a second illumination state.
10. The system of claim 9 wherein said first illumina tion state corresponds to the selected switch and said second illumination state corresponds to the remaining selectable switches.
11. The system of claim 10 wherein said first illumina tion state is steady state and said second illumination state is flashing.
12. said computer means include a fuel flow signal cali bration parameter and a fuel specific gravity cali bration parameter. 25. The system of claim 24 wherein said program ming control means includes a keyboard operable (1) to select computer parameters desired to be set by a user and to set the computer parameter selected to a value by a user and (2) to select the particular output data corre sponding to a motor vehicle performance characteristic to be set by a user and to set the output data selected to a particular type of measurement of said characteristic by a user. and programming control means electrically connected with said computer means and said programming control means being operable (1) to select com puter parameters to be set and to set the computer parameter selected to a particular value and opera ble (2) to select the particular output data corre sponding to a motor vehicle performance charac
